Abstract Influence of hole shape on extraordinary optical transmission was investigated using hole arrays consisting of rectangular holes with different aspect ratio.
believed that metal surface plays a crucial role and the phenomenon is mediated by surface plasmon polaritons (SPPs) and there is a process of transforming photon to SPP and back to photon [2, 3, 4] . This phenomenon can be used in various applications, for example, sensors, optoelectronic device, etc [5, 6, 7, 8, 9, 10] . Polarization properties of nanohole arrays have been studied in many works [11, 12, 13] . Recently, orbital angular momentum of photons was explored to investigate the spatial mode properties of surface plasmon assisted transmission [14, 15] . It is also showed that entanglement of photon pairs can be preserved when they respectively travel through a hole array [15, 16, 17] . Therefore, the macroscopic surface plasmon polarizations, a collective excitation wave involving typically 10 10 free electrons propagating at the surface of conducting matter, have a true quantum nature. However, the increasing use of EOT requires further understanding of the phenomenon.
The polarization of the incident light determines the mode of excited SPP which is also related to the periodic structure. For the manipulation of light at a subwavelength scale with periodic arrays of holes, two ingredients exist: shape and periodicity [2, 3, 4, 11, 18, 19, 20] . Influence of unsymmetrical periodicity on EOT was discussed in [21] . Influence of the hole shape on EOT was also observed recently [18, 20] , in which the authors mainly focused on the transmission spectra. In this work, we used rectangle hole arrays to investigate the influence of hole shape on the polarization properties of EOT. It is found that linear polarization states could be changed to elliptical polarization states and a phase could be added between two eigenmode directions. The phase was changed when the aspect ratio of the rectangle holes was varied. The hole array was also rotated in the plane perpendicular to the illuminate beam. The optical transmission was changed in this process. It strongly depended on the rotation angle, in other words, the angle between polarization of incident light and axis of hole array, as in the case with unsymmetrical hole array structure [21] . were large difference between the two cases, which was also observed in [18] .
Further, the typical hole array(100nm×300nm holes)
was rotated anti-clockwise in the plane perpendicular to the illuminating light(see Fig.1 two directions were eigenmode-directions for our sample.
The polarization of illuminating light was projected into the two eigenmode-directions to excite SPPs. After that, the two kinds of SPPs transmitted the holes and irritated light with different transmission efficiencies T L and T S respectively. For light whose polarization had an angle θ with the S direction, the transmission efficiency T θ will be
This equation was also given in the works [20, 21] . Due θ. The theoretical calculations were also given in Fig.   3 , which agreed well with the experimental data. The similar results were also observed when the hole arrays (100nm × 150nm and 100nm × 200nm) were used. With this model, the transmission efficiency can be continuously tuned in a certain range.
Influence of hole shape on photon polarization
To investigate the polarization property of the hole array, we used the method of polarization state tomog- To study the dependence of phase ϕ with the hole shape, we performed the same measurements on other hole arrays which were shown in Fig. 1 . It was found that ϕ was changed with the aspect ratio of the rectan- We found that even the periods were different in two directions, there was no birefringent phenomenon(ϕ = 0).
This birefringent phenomenon might be explained with the propagating of SPPs on the metal surface. As we know, the interaction of the incident light with surface plasmon is made allowed by coupling through the grating momentum and obeys conservation of momen- for a square lattice, and relation − → k sp * d = mπ was satisfied, where m was the band index [22] . While for our rectangle hole arrays, the length of holes in L direction was changed form 150nm to 300nm, which was not as same as it in S direction. Though G x = G y = 2π/d for our rectangle hole array, the time for surface plasmon polariton propagating in the L direction must be influenced by the aspect ratio of hole shape, which could not be same as that in the S direction. A phase difference ϕ was generated between the two directions, leading the birefringent phenomenon. Due to the absorption or scattering of the SPPs and scattering at the hole edges, it is hard to give the accurate value of the phase or the exact relation between the phase and aspect ratio of holes. Even so, ϕ could be controlled by changing the hole shape. As a contrast, there was no birefringent phenomenon observed when the quadrate hole array(see Fig.   1 of [21] ) was used. The reason was that phase G x * d x always equal to G y * d y , even G x = G y for the quadrate hole array.
conclusion
In conclusion, rectangle hole array was explored to study the influence of hole shape on EOT, especially the properties of photon polarization. Because of the unsymmet-rical of the hole shape, a birefringent phenomenon was observed. The phase was determined by the hole shape, which gave us a potential method to control this birefringent process. It was also found that the transmission efficiency can be tuned continuously by rotating the hole array. These results might be explained using an intuitional model based on surface plasmon eigenmodes.
